Apolipoprotein E (apoE) is highly expressed in adipose tissue and adipocytes in which its expression is regulated by peroxisome proliferator-activated receptor (PPAR)-␥ agonists and tumor necrosis factor-␣. There is, however, no information regarding a role for endogenous apoE in differentiated adipocyte function. In this report, we define a novel role for apoE in modulating adipocyte lipid metabolism. ApoE ؊/؊ mice have less body fat and smaller adipocytes compared with wild-type controls. Freshly isolated adipose tissue from apoE ؊/؊ mice contains lower levels of triglyceride and free fatty acid, and these differences are maintained in cultured adipocytes derived from preadipocytes. Adenoviral expression of apoE in apoE ؊/؊ -cultured adipocytes increases triglyceride and fatty acid content. During incubation with apoE-containing triglyceride-rich lipoproteins, apoE ؊/؊ adipose tissue accumulates less triglyceride than wild type. The absence of apoE expression in primary cultured adipocytes also leads to changes in the expression of genes involved in the metabolism/turnover of fatty acids and the triglyceride droplet. Markers of adipocyte differentiation were lower in freshly isolated and cultured apoE ؊/؊ adipocytes. Importantly, PPAR-␥-mediated changes in lipid content and gene expression are markedly altered in cultured apoE ؊/؊ adipocytes. These results establish a novel role for endogenous apoE in adipocyte lipid metabolism and have implications for constructing an integrated model of adipocyte physiology in health and disease. Diabetes 55:3394 -3402, 2006 O besity and its consequent insulin resistance are major health problems in the U.S., imparting significant risk for diabetes and cardiovascular disease (1-4). The prevalence of obesity is predicted to substantially increase over the next several decades, and there is a need to better understand adipocyte and adipose tissue physiology. In the past several years, it has become apparent that adipocytes and adipose tissue actively modulate systemic substrate availability and produce a number of protein factors with endocrine, paracrine, and autocrine regulatory activity (5,6). Apolipoprotein E (apoE), which was first described as a product of hepatocytes and a surface component of lipoproteins, e.g., in humans, chylomicrons, VLDL, remnant lipoproteins, and HDL, has been shown to be highly expressed in adipocytes and adipose tissue (7). Interestingly, apoE has been shown to be highly expressed in a number of cell types that experience high lipid flux (8 -15). The physiologic role of apoE expression in other cell types has been intensively studied and characterized (8 -15). In macrophages and steroidogenic cells, for example, endogenous apoE expression plays an important role in cellular lipid balance. Adipocytes and adipose tissue, like macrophages and steroidogenic cells, also experience large lipid fluxes integral to their differentiated function, yet there is no information regarding a potential physiologic role of apoE expressed in the adipocyte. Our laboratory has recently reported that adipocyte and adipose tissue apoE expression is modulated by tumor necrosis factor-␣ and peroxisome proliferator-activated receptor (PPAR)-␥ agonists in vitro and in vivo (16). These two factors are also important for regulating the expression of a number of adipocyte genes with established roles in modulating adipocyte substrate turnover and metabolism (17) (18) (19) . In view of the above considerations, we investigated a role for endogenous adipocyte apoE in modulating adipocyte differentiated function. Our results establish a novel role for endogenous adipocyte apoE in regulating adipocyte lipid content and metabolism.
O besity and its consequent insulin resistance are major health problems in the U.S., imparting significant risk for diabetes and cardiovascular disease (1) (2) (3) (4) . The prevalence of obesity is predicted to substantially increase over the next several decades, and there is a need to better understand adipocyte and adipose tissue physiology. In the past several years, it has become apparent that adipocytes and adipose tissue actively modulate systemic substrate availability and produce a number of protein factors with endocrine, paracrine, and autocrine regulatory activity (5, 6) . Apolipoprotein E (apoE), which was first described as a product of hepatocytes and a surface component of lipoproteins, e.g., in humans, chylomicrons, VLDL, remnant lipoproteins, and HDL, has been shown to be highly expressed in adipocytes and adipose tissue (7) . Interestingly, apoE has been shown to be highly expressed in a number of cell types that experience high lipid flux (8 -15) . The physiologic role of apoE expression in other cell types has been intensively studied and characterized (8 -15) . In macrophages and steroidogenic cells, for example, endogenous apoE expression plays an important role in cellular lipid balance. Adipocytes and adipose tissue, like macrophages and steroidogenic cells, also experience large lipid fluxes integral to their differentiated function, yet there is no information regarding a potential physiologic role of apoE expressed in the adipocyte. Our laboratory has recently reported that adipocyte and adipose tissue apoE expression is modulated by tumor necrosis factor-␣ and peroxisome proliferator-activated receptor (PPAR)-␥ agonists in vitro and in vivo (16) . These two factors are also important for regulating the expression of a number of adipocyte genes with established roles in modulating adipocyte substrate turnover and metabolism (17) (18) (19) . In view of the above considerations, we investigated a role for endogenous adipocyte apoE in modulating adipocyte differentiated function. Our results establish a novel role for endogenous adipocyte apoE in regulating adipocyte lipid content and metabolism.
RESEARCH DESIGN AND METHODS
Cell culture medium and fetal bovine serum (FBS) were purchased from Invitrogen (Carlsbad, CA). Chemicals were from Sigma (St. Louis, MO), and organic solvents were from Fisher Scientific (Pittsburgh, PA). [ 3 H]acetate and [ 14 C]oleate were obtained from Perkin-Elmer (Wellesley, MA), rosiglitazone was purchased from Biomol (Plymouth Meeting, PA), and triglyceride, free cholesterol, and free fatty acid assay kits were from Wako Chemicals USA (Richmond, VA). Adipocyte differentiation medium and maintenance medium were from Zen Bio (Research Triangle Park, NC). Adipocyte isolation and culture. ApoE Ϫ/Ϫ mice or wild-type controls were purchased from The Jackson Laboratories (Bar Harbor, ME). All animal protocols were approved by the Institutional Animal Care and Use Committee of the University of Illinois, Chicago. For experiments, inguinal fat pads (IFPs) were collected from age-matched (10 -12 weeks) and sex-matched apoE Ϫ/Ϫ or wild-type mice. Preadipocytes were isolated by digesting freshly isolated adipose tissue with 0.5 mg/ml collagenase in Dulbecco's modified Eagle's medium (DMEM) for 1 h at 37°C in a shaking water bath. Stromal-vascular cells (containing preadipocytes) were spun down and washed twice with DMEM and filtered through a polypropylene mesh (pore size 150 m). After centrifugation, floating cells (freshly isolated adipocytes) and the cell pellet (stromal-vascular cells) were used for RNA isolation. Other cell pellets were resuspended in DMEM with 10% FBS and cultured in T75 flasks for 2-3 days before passaging. Cells were passaged once before being seeded into a six-well plate for experiments. Preadipocytes were differentiated into adipo-cytes by addition of adipocyte differentiation medium containing 10% FBS, rosiglitazone, insulin, dexamethasone, and isobutylmethylxanthine for 3 days. The end of this 3-day incubation is designated as day 0. Cells were then incubated with adipocyte maintenance medium containing 10% FBS, insulin, and dexamethasone for the times indicated in the figure or table legends. All experiments using cultured adipocytes refer to adipocytes derived from preadipocytes differentiated in culture using the above-mentioned differentiation medium.
To express apoE in isolated apoE Ϫ/Ϫ adipocytes, a human apoE3 adenovirus was incubated with cell monolayers at a multiplicity of infection of 100 for 4 h in DMEM. Control cultures were incubated with a LacZ adenovirus. After 4 h, cells were washed and placed in DMEM with 10% FBS for the times indicated in the figures. Adenovirus expression of apoE was confirmed by Western blotting of cell monolayers and culture medium. Adipocyte sizing and quantitation of total body fat mass. Inguinal fat from wild-type or apoE Ϫ/Ϫ mice was rinsed in PBS and fixed in 4% paraformaldehyde in PBS with 5% sucrose overnight at 4°C. Paraffin-embedded samples were sliced (10-m thickness) and stained with hematoxylin-eosin. The diameter of adipocytes was estimated using Open Lab Software (version 1.5). For each mouse genotype, a minimum of 100 cells was measured. To measure total body fat mass, mice were scanned with a p-Dexa Scanner (Norland/Stratec, Pforzheim, Germany). Total body fat mass was analyzed with Saber Research Software (Norland/Stratec). Adipose tissue organ culture. Freshly isolated IFPs were washed in PBS and placed in 60-mm dishes at 100 mg total tissue (wet weight) per dish. The fresh tissue was minced into 1-mm pieces and incubated in DMEM with 1% lipoprotein-deficient FBS with or without 100 g/ml apoE-containing VLDL for 48 h. ApoE-containing d Ͻ 1.006 g/l lipoproteins were isolated by density gradient ultracentrifugation of nonfasting human plasma, after a spin at 26,000g at 10°C for 30 min to remove chylomicrons, as previously described (20) . The layer containing buoyant triglyceride-rich lipoproteins (TGRLs) was collected and dialyzed against PBS at 4°C for 24 h. Pre-␤ mobility of the isolated fraction was confirmed using a Titan Lipoprotein Gel System (Helena Laboratories, Beaumont, TX), and apoE content in the TGRL fraction was confirmed by Western blotting. Lipid assays. For measurement of triglyceride synthesis, cells were washed, incubated in serum-free medium for 30 min, and then pulse-labeled with 0.25 Ci/ml [ 14 C]oleate/BSA complex (specific activity 70,000 dpm/nmol) in DMEM for 2 h. After washing, cell lipids were extracted in hexane:isopropanol (3:2), and triglyceride was separated by thin layer chromatography in a solvent system of hexane:ethyl ether:acetic acid (90:30:1). Triglyceride spots were scraped into scintillation fluid for analysis. Triglyceride hydrolysis rate was estimated by measuring glycerol released into the medium over 2 h using a Free Glycerol Determination kit (Sigma). To measure free cholesterol synthesis, cells were pulse labeled with 50 Ci/ml [ 3 H]acetate in DMEM with 0.2% BSA for 4 h. Cells were washed, lipids were extracted with hexane/isopropanol, and free cholesterol was separated by thin layer chromatography as described above. Triglyceride, free fatty acid, and free cholesterol mass was measured in hexane/isopropanol cell extracts using enzymatic assay kits from Wako Chemicals USA. mRNA quantitation. Total RNA was extracted using a Qiagen kit (Valencia, CA). First-strand cDNA was synthesized from 1 mg total RNA using random hexamer primers according to the manufacturer's instructions (Fermentas, Hanover, MD). Real-time PCR was performed on each sample in triplicate using the Mx3000p Quantitative PCR System (Stratagene, La Jolla, CA). Reactions were carried out in a total volume of 25 l using Brilliant SYBR Green QRT-PCR Master Mix (Stratagene). Relative quantitation for each gene (expressed as fold increase over control) was calculated after normalization to ␤-actin RNA. Primer pairs used for each gene are shown in Table 1 . Other assays. Cell protein was measured with a DC Protein kit (Bio-Rad, Hercules, CA). Western blotting was performed as previously described in detail (16) . DNA was extracted from cell/tissue using DNAzol (Invitrogen), and its mass was estimated using spectrophotometry. Statistical analysis. Each experiment shown is representative of three to five experiments (each done in triplicate using at least six mice of each genotype) with similar results. Statistical significance of observed differences were analyzed using Student's t test or ANOVA using SPSS (Chicago, IL).
RESULTS

Adipocyte size and fat mass in apoE
؊/؊ mice. We compared adipocyte diameter and adipose tissue mass in apoE Ϫ/Ϫ or wild-type controls maintained on a chow diet. The results shown in 
Evaluation of endogenous adipocyte apoE expression on lipid content and metabolism in adipocytes.
To evaluate a physiologic role for endogenous adipocyte apoE in adipocyte lipid metabolism, we compared the triglyceride and free fatty acid mass in freshly isolated adipose tissue and in isolated adipocytes (derived from preadipocytes) obtained from apoE Ϫ/Ϫ and wild-type control mice. We first confirmed, in separate experiments, that 80 Ϯ 3% of total apoE mRNAs in freshly isolated adipose tissue was present in the suspended adipocyte fraction of a collagenase digest, with the balance in the stromalvascular fraction. Figure 2A shows that triglyceride and free fatty acid content is significantly lower in freshly isolated adipose tissue from apoE Ϫ/Ϫ mice compared with wild-type control, consistent with the adipocyte size data shown in Fig. 1A . Figure 2B shows that the decrease in triglyceride and free fatty acid mass is also present when comparing adipocytes isolated from apoE Ϫ/Ϫ mice with those isolated from wild-type control mice, even after ex vivo culture and differentiation from preadipocytes. The reduction in triglyceride per milligram protein in cultured adipocytes from apoE Ϫ/Ϫ mice was accompanied by a To further validate the role of apoE expression in adipocyte triglyceride and free fatty acid content, we used an adenovirus to produce apoE expression in apoE Ϫ/Ϫ adipocytes. ApoE expression was confirmed by Western blot of adipocyte lysates. In Fig. 3A and B (left panels) , wild-type adipocytes have higher triglyceride and free fatty acid levels compared with apoE Ϫ/Ϫ adipocytes as expected based on results in Fig. 2 . Incubation with a LacZ adenovirus produced no change in triglyceride or free fatty acid levels in apoE Ϫ/Ϫ adipocytes compared with cells incubated without adenovirus. Adenoviral-mediated apoE expression for only 48 h, however, led to an approximate doubling in triglyceride and free fatty acid levels compared with cells incubated with LacZ.
The above results indicated that the absence of apoE expression in adipocytes leads to reduced adipocyte triglyceride mass. To evaluate pathways leading to alteration in triglyceride mass, we next measured triglyceride synthesis and hydrolysis in apoE Ϫ/Ϫ compared with wild-type adipocytes. Figure 4 shows that decreased triglyceride synthesis (Fig. 4A ) and increased triglyceride hydrolysis (Fig. 4C ) both contribute to the overall reduction of triglyceride mass in apoE Ϫ/Ϫ adipocytes. We also measured the synthesis of free cholesterol as a function of apoE expression in adipocytes. We undertook this measurement because in experimental models of obesity, adipocytes with large triglyceride stores have been shown to have increased expression of hydroxymethylglutarylCoA reductase (21, 22) , the rate-limiting enzyme for cholesterol biogenesis. Based on this and on the observations in Figs. 1 and 2, we predicted that the triglyceride-poor adipocytes that result from absence of apoE expression would also manifest lower levels of cholesterol synthesis. The results in Fig. 4B confirm lower cholesterol synthesis in apoE Ϫ/Ϫ adipocytes. Endogenous adipocyte apoE expression modulates adipocyte gene expression. The regulation of adipocyte lipid metabolism/content by apoE could be expected to produce downstream effects on the expression of adipocyte genes that are involved in lipid metabolism or genes that are responsive to adipocyte lipid flux/content. The results in Table 2 show the expression level of genes involved in fatty acid transport/oxidation or lipid metabolism and markers of adipocyte differentiation. Gene expression was evaluated in freshly isolated adipocytes and cultured adipocytes from wild-type and apoE Ϫ/Ϫ mice. Compared with wild-type, apoE Ϫ/Ϫ -cultured adipocytes demonstrated a significant increase in the expression of genes involved in fatty acid transport or oxidation and a significant decrease in markers of adipocyte differentiation. Similar changes were measured in mature adipocytes freshly isolated from adipose tissue. Perilipin mRNA levels were not influenced by the absence of apoE expression, but caveolin mRNAs were substantially reduced in apoE Ϫ/Ϫ compared with wild-type adipocytes. Endogenous adipocyte apoE has an important effector role in the adipocyte response to PPAR-␥ agonists. Adipocytes respond to PPAR-␥ agonists with triglyceride accumulation. We have recently shown that PPAR-␥ agonists increase adipocyte and adipose tissue apoE expression in vitro and in vivo (16) . In the current study, we show that adipocyte apoE expression leads to increased adipocyte triglyceride content. We, therefore, performed experiments to test the hypothesis that the increased apoE expression after PPAR-␥ stimulation was an important functional component of the adipocyte triglyceride accumulation that occurs in response to PPAR-␥ stimulation. Addition of rosiglitazone to adipocyte culture over post-induction day (PID) 10 -16 produced a fourfold increase in apoE expression in wild-type control cells as measured by Western blotting (not shown). Figure 5 shows the effect of the incubation with rosiglitazone in 
apoE
Ϫ/Ϫ compared with wild-type adipocytes on triglyceride mass (Fig. 5A ), triglyceride synthesis (Fig. 5B) , triglyceride hydrolysis (Fig. 5C ), free cholesterol mass (Fig. 5D) , and adipocyte perilipin mRNA levels (Fig. 5E ). In the absence of adipocyte apoE expression, the PPAR-␥-induced increase in triglyceride mass, triglyceride synthesis, and free cholesterol mass is suppressed or abolished. The suppression of triglyceride hydrolysis after rosiglitazone treatment remains intact but does not reach statistical significance in apoE Ϫ/Ϫ compared with wild-type control adipocytes. Figure 5E presents the fold change in perilipin gene expression produced by incubation with rosiglitazone for apoE Ϫ/Ϫ and wild-type adipocytes. The rosiglitazone-mediated increase in perilipin, fatty acid synthase, CCAAT/enhancer binding protein (CEBP) ␣, and adiponectin were all significantly blunted in apoE Ϫ/Ϫ cells. Adipocyte triglyceride accumulation from VLDL is abolished in the absence of endogenous apoE expression. There are multiple potential pathways by which endogenous apoE could regulate adipocyte triglyceride turnover. An important source of adipocyte triglyceride derives from its interaction with TGRLs. We, therefore, next evaluated the importance of endogenous adipocyte apoE for modulating the triglyceride accumulation that occurs in response to incubation with TGRLs. We incubated freshly harvested adipose tissue from apoE Ϫ/Ϫ and wild-type control mice with apoE-containing TGRLs for 48 h and evaluated the impact of this incubation on adipose tissue triglyceride content. Figure 6 shows that incubation of wild-type adipose tissue with apoE-containing TGRLs led to a significant increase in adipose tissue triglyceride content compared with the incubation without TGRLs. On the other hand, the incubation of apoE Ϫ/Ϫ adipose tissue with the same apoE-containing TGRLs did not increase adipose tissue triglyceride content; in fact, adipose tissue triglyceride content slightly fell compared with the incubation without TGRLs. Similar results were obtained after 24-h incubations. These results indicated that endogenous apoE was required for the increase in adipose tissue triglyceride mass that occurs in response to an incubation with TGRLs and further indicate that apoE present in TGRLs cannot substitute for the effect of endogenous adipocyte apoE to facilitate triglyceride accumulation.
DISCUSSION
ApoE is highly expressed in adipocytes and adipose tissue (7, 16) . In the current studies, we have established a novel role for endogenously expressed apoE in modulating adipocyte lipid metabolism. ApoE Ϫ/Ϫ mice on a chow diet have smaller adipocytes and less adipose tissue than wild-type controls (Fig. 1) . Importantly, the lower adipose tissue triglyceride and free fatty acid mass observed in freshly isolated adipose tissue from apoE knockout mice is preserved in isolated adipocytes that are derived from preadipocytes and evaluated at PID 12 (Fig. 2) . This concordance between freshly isolated adipose tissue and isolated primary adipocytes underlines a physiologic role for endogenous adipocyte apoE in vivo for modulating adipocyte triglyceride and fatty acid content. The direct association between apoE expression and triglyceride and free fatty acid mass in adipocytes is further confirmed by the observation that adenoviral-mediated expression of apoE in apoE Ϫ/Ϫ adipocytes significantly increases triglyceride and free fatty acid mass in primary adipocytes after 48 h (Fig. 3) . The lower triglyceride content in apoE
adipocytes results from both a decrease in triglyceride synthesis and an increase in triglyceride hydrolysis (Fig.  4) . Several potential mechanisms can be considered for the effect of apoE on adipocyte lipid metabolism. One mechanism that appears to be involved is the accumulation of triglyceride that occurs in response to interaction with TGRLs (Fig. 6) . Others have reported that exogenous apoE in VLDL is important for adipocyte triglyceride accumulation (23), but the result in Fig. 6 clearly demonstrates that apoE in TGRLs, which induces VLDL, cannot substitute for the effect of endogenous apoE on triglyceride accumulation. The result in Fig. 6 also raises a number of interesting questions for future investigation. The increase in triglyceride in wild-type but not apoE Ϫ/Ϫ tissue could be related to differences in holoparticle uptake, differences in the use of fatty acids in the TGRL triglyceride or phospholipid, or differences in TGRL-dependent lipid signaling that influence the adipocyte utilization of fatty acids or fatty acid precursors present in serum. For example, components of TGRL could activate PPAR-␥ or PPAR-␦ receptors in adipocytes (17, 24) in an apoE-dependent manner. In other model systems, endogenous cellular apoE has been shown to influence interaction of lipoproteins with cell surface receptors or proteoglycans (25, 26) . Endogenous expression of apoE in macrophages, for example, forms a proteoglycan-bound cell surface layer that appears to act as a bridge to anchor lipoproteins at the cell surface (26, 27) . A similar effect in adipocytes could anchor TGRL to plasma membrane and thereby facilitate either holoparticle uptake or fatty acid release from TGRL core triglyceride.
Beyond modulating triglyceride accumulation subsequent to TGRL interaction, other mechanisms by which endogenous apoE could influence adipocyte triglyceride content and turnover must also be considered. ApoE has a well-established role in other cell types for modulating cellular sterol metabolism and flux, and sterol and triglyceride storage are tightly linked in adipocytes (8 -15,22) . ApoE modulation of adipocyte cholesterol content and/or distribution could influence plasma membrane structure, including the function and/or number of caveolae. These plasma membrane subdomains have been shown to be important for facilitated fatty acid transport across adipocyte plasma membrane, and a subset of these have been shown to synthesize triglyceride (28, 29) . Free cholesterol is also an important structural component of the triglyceride droplet where it accumulates at the cytoplasmic interface. Finally, in steroidogenic cells, apoE expression has been shown to modulate second messenger signaling pathways (30) . This represents another potential mechanism for apoE effects on triglyceride turnover in adipocytes.
Our results show that the absence of apoE expression in adipocytes also influences adipocyte gene expression. The decreased expression of differentiation markers with apoE deficiency was noted in freshly isolated adipocytes and in adipocytes differentiated from preadipocytes in culture. Freshly isolated adipocytes from apoE Ϫ/Ϫ mice are smaller, indicating less triglyceride per cell, and cultured adipocytes from apoE Ϫ/Ϫ mice have lower level of triglyceride per milligram of protein. Cultures of adipocytes from apoE Ϫ/Ϫ mice also contain fewer lipid-containing cells, but whether there is also less lipid per lipid-containing cell is not addressed by our data. All of these results are consistent with a defect in adipocyte differentiation resulting from absent endogenous adipocyte apoE expression, which is then reflected in altered adipocyte lipid metabolism. However, a somewhat more provocative alternative is that apoE deficiency produces a primary defect in lipid flux, which then impacts adipocyte differentiation. For example, caveolin expression can be modulated by cellular free cholesterol (31) , and changes in adipocyte cholesterol flux mediated by apoE could lead to downstream changes in caveolin expression. Changes in caveolin expression have been shown to have important implications for triglyceride droplet biogenesis and metabolism (32) . Furthermore, lipid metabolites serve as ligands for PPAR-␥ and PPAR-␦ receptors, which are involved in adipocyte function and differentiation (17, 24) .
One of the genes with reduced expression in apoE Ϫ/Ϫ adipocytes was adiponectin. This is different than what might be expected based on observations that leanness and small adipocytes are associated with increased adiponectin expression (33, 34) . However, changes in adipocyte size resulting from leanness may produce different effects on adiponectin expression than changes in size resulting from absent apoE expression. ApoE Ϫ/Ϫ adipocytes also have increased expression of genes related to fatty acid metabolism; for example, there were substantial increases in PGC-1␣ expression. PGC-1␣ is involved in mitochondrial biogenesis and, in vivo, has been shown to be highly responsive to physiologic conditions that require increased mitochondrial energy production (35, 36) . Interestingly, we measured lower cellular fatty acid levels in apoE Ϫ/Ϫ adipocytes even though they have increased release of free glycerol suggesting increased release of fatty acids from triglyceride. The fall in cellular fatty acid level in the absence of apoE expression therefore most likely results from either decreased uptake of fatty acids or the increased oxidation of fatty acids; as suggested by changes in ACADM-1 and PGC-1␣ expression.
One of the most important observations in this manuscript is the role played by apoE in the lipogenic response to PPAR-␥ agonists in adipocytes. Treatment of adipocytes or whole animals with PPAR-␥ agonists leads to an increase in adipocyte triglyceride mass (17, 37) . Treatment of isolated adipocytes or whole animals with PPAR-␥ agonists also leads to an increase of apoE expression in adipose tissue and adipocytes (16) . In this study, we have shown that the adipocyte triglyceride accumulation that occurs in response to PPAR-␥ agonists is largely absent in the absence of adipocyte apoE expression. Therefore, the increased apoE expression in response to PPAR-␥ agonists likely plays a key role for triglyceride accumulation in adipocytes subsequent to PPAR-␥ stimulation.
The novel findings in this manuscript, that endogenous apoE modulates adipocyte lipid metabolism and is important for the effect of PPAR-␥ agonists on adipocyte lipid metabolism, raise important physiologic issues for consideration. One important question relates to physiologic factors that regulate adipocyte apoE expression. We have previously shown that treatment of humans with PPAR-␥ agonist results in increased apoE mRNA levels in adipose tissue (16) . However, regulation of adipocyte apoE expression may be complex and may also respond to changes in systemic hormone levels, substrate flux, or cytokines produced by adipose tissue macrophages. There could also be species-dependent differences related to the cell type in adipose tissue that expresses apoE. For example, Blaner and colleagues (38) have reported that in rat adipose tissue, most apoE expression is localized to the stromal-vascular fraction. Furthermore, dysregulation of adipocyte apoE expression could occur in states of chronic obesity or insulin resistance. Additional physiologic regulators of adipocyte apoE expression in vivo remain to be defined. In human obesity, important differences have been described for adipose tissue present in subcutaneous compared with visceral depots (39, 40) . It will be of interest to determine whether the regulation of apoE expression or the effect of apoE expression on adipocyte lipid metabolism differs between these two sites. In conclusion, the results in this report support the hypothesis that endogenous adipocyte apoE expression is an important modulator of adipocyte lipid metabolism, influencing adipocyte triglyceride mass and synthesis, free fatty acid mass, cholesterol synthesis, and the expression of genes involved in triglyceride droplet metabolism and fatty acid oxidation. They also provide a basis for new areas of investigation aimed at integrating adipocyte apoE into a comprehensive model of adipose tissue physiology. 
